Pre-seeding tillage of long-term no-till (NT) land may alter crop production by changing the availability of some nutrients in soil. Effects of short-term (4 years) tillage (hereafter called reverse tillage [RT]) of land previously under long-term (29 or 30 years) NT, with straw management (straw removed [SRem] and straw retained [SRet]) and N fertilizer rate (0, 50 and 100 kg N ha -1 in SRet, and 0 kg N ha -1 in SRem plots), were determined on plant yield (seed + straw, or harvested as forage/silage at soft dough stage), and N and P uptake in growing seasons from 2010 to 2013 at Breton (Gray Luvisol [Typic Cryoboralf] loam) and from 2009 to 2012 at Ellerslie (Black Chernozem [Albic Argicryoll] loam), Alberta, Canada. Plant yield, N uptake and P uptake tended to be greater with RT compared to NT in most cases at both sites, although significant in a few cases only at Ellerslie. On average over both sites, RT produced greater plant yield by 560 kg ha -1 yr -1 , N uptake by 5.8 kg N ha -1 yr -1 , and P uptake by 1.8 kg P ha -1 yr -1 than NT. There was no consistent beneficial effect of straw retention on plant yield, N uptake and P uptake in different years. Plant yield, N uptake and P uptake increased with N fertilization at both sites, with up to the maximum rate of applied N at 100 kg N ha -1 in 3 of 4 years at Breton and in 2 of 4 years at Ellerslie. In conclusion, our findings suggested some beneficial impact of occasional tillage of long-term NT soil on crop yield and nutrient uptake.
Introduction
In the Prairie Provinces of Canada, farmers traditionally used tillage for seedbed preparation, but this practice, along with tillage during fallow phases for weed control, was shown to decrease soil quality. Increased organic C mineralization as a result of long-term tillage decreased aggregation, water storing capacity and nutrient supplying power, and increasing the potential for soil erosion (McGill et al., 1988; Lal et al., 1990; Franzluebbers & Arshad, 1996; Franzluebbers, 2004) . Further, tillage redistribution of soil significantly increased the variability of yield and productivitiy in non-level landscapes (Pennock et al., 1994) . Starting in the 1980s, farmers began adopting no-till management (NT, also called zero-tillage, or direct seeding) because of the development of more effective herbicides for weed control and the development of seeding implements which allowed seed and fertilizer to be injected directly into the soil without further seedbed preparation or incorporation of the previous crop residues. These technological advances have resulted in economic benefits such as lower labor and fuel costs and increased efficiency (Malhi et al., 1988; Singh & Singh, 1994; Larney et al., 1997) . Additional benefits of NT over the conventional tillage (CT) are increased soil water storage because of enhanced infiltration of spring snowmelt, improved soil tilth and organic matter, soil carbon sequestration and increased nitrogen supplying power (Richter et al., 2007) . Disadvantages associated with adoption of long-term NT are: 1) infestation of perennial grassy weeds, such as quackgrass (Malhi et al., 1988; Campbell et al., 1990; Tessier et al., 1990) ; 2) stratification of nutrients, especially P, in the surface soil (Grant & Lafond, 1994; Crozier et al., 1999; Baan et al., 2009) , resulting in reduced availability of these nutrients to roots; 3) emergence of herbicide-resistant perennial weeds (Donald, 1990; Derksen et al., 1993) ; 4) relatively cool and wet surface soil in spring (Johnson & Lowery, 1985; Jones et al., 1985; Malhi & O'Sullivan, 1990; Wolfe & Eckert, 1999) which can delay seeding and slow crop emergence/early growth, and increase in the potential of nutrient loss in surface water run-off which may cause pollution of water bodies (Furguson et al., 1996) . If previous crop residues are heavy, adequate seed-soil contact may be difficult to achieve because even the most advanced direct seeding equipment may have trouble penetrating or clearing the previous growing season's crop residues.
Because of the above-mentioned undesirable characteristics of long-term NT and for economic reasons, many producers are interested to re-introduce tillage occasionally. Tillage is expected to expose some of the protected soil organic C (SOC) to decomposition by breaking the aggregates through physical action and making it more accessible to soil microorganisms. Information about these risks is needed, since there is very limited research on the effects of tillage of previously long-term NT soil on crop yield and nutrient uptake, soil fertility, and persistence of organic C in soil that was gained/stored under NT on individual farm fields (Lal et al., 1990; Campbell et al., 1996 Campbell et al., , 1998 Hassink, 1997; Yang & Kay, 2001a; Six et al., 2002b; Vandenbygaart & Kay, 2004; Baan et al., 2009) , especially in the Parkland region of western Canada where large quantities of crop residue are produced and left on land after harvest. Therefore, the objectives of this study were to examine the effects of short-term (4 years) pre-seeding shallow tillage (hereafter called reverse tillage -RT) of land previously under long-term NT (29 or 30 years) on crop yield and nutrient uptake [seed and straw yield, N and P uptake in seed and straw of annual cereals/oilseeds]; soil quality [total organic C (TOC) and N (TON), light fraction organic C (LFOC) and N (LFON) and mineralizable N (Nmin) in the 0-7.5 and 7.5-15 cm soil layers]; and soil fertility [nitrate-N, ammonium-N and extractable P in the 0-7.5, 7.5-15 and 15-20 cm soil layers] in two contrasting soil types (a Gray Luvisol soil at Breton and a Black Chernozem [Albic Argicryoll] soil at Ellerslie, Alberta, Canada). This paper discusses the effects of tillage, straw and N management on crop yield and nutrient uptake.
Methods

Location and Experimentation
Field experiments were conducted at Breton (53°07'N, 114°28'W; elevation 830 m) and Ellerslie (53°25'N, 113°33'W; elevation 692 m), Alberta, Canada. The soil at Breton is an Orthic Gray Luvisol (Typic Haplocryalf), with loam texture on a rolling, glacial till landscape which is part of the Peace Lowland/Boreal Transition ecological region. Initial soil chemical properties were pH = 6.6 and total C = 13.75 g C kg The original experiments were established in autumn 1979 (with the first growing season in 1980) at the University of Alberta Experimental Farms Breton and Ellerslie, Alberta, Canada, to examine the influence of fertilizer N-straw management-tillage interactions on crop productivity and soil properties (Malhi et al., 2010 (Malhi et al., , 2011a (Malhi et al., , 2011b (Nyborg et al., 1995) . However, in 1991, another N treatment was added (100 kg N ha -1 annually and the 56 kg N ha -1 was reduced to 50 kg N ha -1 annually (Table 1) . At the same time, the barley rotation was changed to spring wheat (Triticum aestivum L.). In 1997, the rotation was then changed to a barley-wheat-canola (Brassica napus L.) rotation. Individual plots were 2.8 m x 6.9 m. Plots under CT were tilled twice, once in the autumn and once in the spring, with a chisel cultivator followed by a coil packer. The ZT plots did not undergo any disturbance, except for seeding drill. The original NT and CT treatments were seeded to various crops in rotations from 1980 to 2010 growing seasons at Breton and from 1980 to 2009 growing seasons at Ellerslie. The NT treatments were split into two (in spring 2010 at Breton and in spring 2009 at Ellerslie) to include: 1) Control NT (original NT) treatment with no pre-seeding tillage; and 2) Tilled treatment with one tillage using rotary tiller in spring prior to seeding (hereafter called reverse tillage [RT] ). The crop was harvested every year from 1980 to 2012 for seed, straw, or whole plant yield, and N and P concentration/uptake in seed, straw or whole plant. In all 4 years after RT (2010 , 2011 , 2012 and 2013 at Breton, and 2009 , 2010 , 2011 and 2012 at Ellerslie) the crop grown was barley. The N fertilizer urea was mid-row banded in alternate rows at seeding. 
Crop Yield and Nutrient Uptake
Every year, the crop was harvested for seed, straw, or whole plant yield. In each plot, plant biomass sample at maturity was harvested from the four 3.6 m long central rows, dried at 65 o C, and threshed for seed and straw yield. Representative seed, straw, or whole plant samples were ground through 0.3-mm sieve and analyzed for total N by using method of Noel and Hambleton (1976) and for total P by using method as outlined by Huang and Schulte (1985) . The amounts of N and P uptake in seed, straw, or whole plant were calculated by multiplying yield of seed, straw, or whole plant, respectively, with % N or % P in seed, straw, or whole plant.
Statistical Analysis
The data on whole plant yield, N uptake and P uptake (seed + straw, or whole plant) were subjected to analysis of variance (ANOVA) using procedures as outlined in SAS (SAS Institute Inc. 2004). Significant (p ≤ 0.05, or p ≤ 0.10 when p ≤ 0.05 not significant) differences between treatment means were determined using least significant difference test (LSD 0.05 , or LSD 0.10 when LSD 0.05 not significant) for various parameters, to compare all treatments, tillage systems (NT vs. RT), straw management (S Rem vs. S Ret for the zero-N treatment) and N fertilizer rates (0, 50 and 100 kg N ha -1 ). 
Results
Growing conditions from 2009 to 2013 are presented in Table 2 . At both Breton and Ellerslie, there was a significant tillage-by-fertilization interaction with respect to yield, N uptake and P uptake, cumulatively and in individual growing seasons (Tables 3, 4 and 5). , *, **, *** and ns refer to significant treatment effects in ANOVA at P ≤ 0.10, P ≤ 0.05, P ≤ 0.01, P ≤ 0.001 and not significant, respectively. 11.1 Significance ** *** *** ** *** *** ** *** *** *** z NT = No-tillage, RT = Reverse tillage, S Rem = Straw removed, S Ret = Straw retained, 0, 50 and 100 kg N ha -1 .
, *, **, *** and ns refer to significant treatment effects in ANOVA at P ≤ 0.10, P ≤ 0.05, P ≤ 0.01, P ≤ 0.001 and not significant, respectively. , *, **, *** and ns refer to significant treatment effects in ANOVA at P ≤ 0.10, P ≤ 0.05, P ≤ 0.01, P ≤ 0.001 and not significant, respectively.
Cumulative plant yield, N uptake and P uptake at Breton (total of 4 years) tended to be greater with RT than NT (Tables 3, 4 and 5). At Ellerslie, cumulative (total of 4 years) plant yield was greater at p ≤ 0.10, N uptake tended to be greater and P uptake was significantly greater with RT than NT. The differences in plant yield, N uptake and P uptake between RT and NT were much greater at Ellerslie than at Breton. For example, on average at Breton, RT produced greater plant yield by 377 kg ha -1 yr -1
, N uptake by 3.5 kg N ha -1 yr -1 and P uptake by 1.2 kg P ha -1 yr -1 than NT. In the same order at Ellerslie, RT produced greater plant yield by 697 kg ha -1 yr -1 , N uptake by 7.5 kg N ha -1 yr -1 , and P uptake by 2.2 kg P ha -1 yr -1 than NT. On average, S Ret produced greater plant yield, N uptake and P uptake than S Rem, respectively, by 72 kg ha -1 yr -1 , 1.0 kg N ha -1 yr -1 and 0.1 kg P ha -1 yr -1 at www.ccsenet.org/sar Sustainable Agriculture Research Vol. 5, No. 3; 2016 38 Breton. The corresponding values at Ellerslie were 243 kg ha -1 yr -1 for plant yield, 2.6 kg N ha -1 yr -1 for N uptake and 0.7 kg P ha -1 yr -1 for P uptake, suggesting that the differences between S Ret and S Rem were much wider a Ellerslie than at Breton. At Breton, averaged over straw management and N rates, RT tended to produce greater (although not significant) plant yield (seed + straw, or whole plant harvested as forage/silage at soft dough stage), N uptake and P uptake than NT in all 4 years (Tables 3, 4 and 5). In the zero-N treatment, there was no consistent beneficial effect of straw retention on plant yield, N uptake and P uptake in different years. For example, average plant yield, N uptake and P uptake tended to be greater with S Ret than S Rem in 2010 and 2013, but the opposite happened in 2012 at both sites where plant yield, N uptake and P uptake were significantly lower with S Ret than S Rem. Averaged over tillage systems in the S Ret treatment, plant yield, N uptake and P uptake increased with increasing N rate up to 100 kg N ha -1 in 3 of 4 years. In the S Ret treatments, RT usually produced greater plant yield, N uptake and P uptake than NT in all 4 years for zero-N and 100 kg N ha -1 treatments, and in 3 of 4 years for the 50 kg N ha -1 rate treatment. In the RT treatment, plant yield, N uptake and P uptake increased with increasing N rate up to the 100 kg N ha -1 rate in all 4 years. But, in the NT treatment, plant yield, N uptake and P uptake increased up to the 100 kg N ha -1 rate in only 2 of 4 years (i.e., 2009), with lower maximum plant yield, N uptake and P uptake. In the S Rem treatment with zero-N, plant yield, N uptake and P uptake were also greater with RT than NT in all 4 years. At Ellerslie, averaged over straw management and N rates, plant yield, N uptake and P uptake tended to be greater in 3 years (2009, 2010 and 2012) and significantly greater in 1 year (2011) with RT than NT (Tables 3, 4 and 5). In the zero-N treatment, there was no consistent beneficial effect of straw retention on plant yield, N uptake and P uptake in various individual years. For example, average plant yield, N uptake and P uptake tended to be greater in 2010 or significantly greater in 2011 with S Ret than S Rem , with no beneficial effect of straw management in 2009, but the opposite effect occurred in 2012 where plant yield, N uptake and P uptake tended to be lower with S Ret than S Rem. Averaged over tillage systems in the S Ret treatment, plant yield, N uptake and P uptake increased with N fertilization, up to 100 kg N ha -1 in 2 of 4 years and up to 50 kg N ha -1 in the other 2 years (i.e., 2009 and 2012) . In the S Ret treatments, RT produced greater plant yield, N uptake and P uptake than NT in all 4 years for the zero-N treatment and in 3 of 4 years for the 50 and 100 kg N ha -1 rate treatments. In the S Rem treatment with zero-N, plant yield, N uptake and P uptake were greater with RT than NT in 3 of 4 years and lower with RT than NT in 1 year. In both RT and NT systems, plant yield, N uptake and P uptake increased with increasing N rate up to the 100 kg N ha -1 rate in 2 years (i.e., 2010 and 2011) and up to the 50 kg N ha -1 rate in the other 2 years (i.e., 2009 and 2012) . In 2010 and 2011, the maximum plant yield, N uptake and P uptake were greater with RT than NT.
Discussion
Earlier research has shown that elimination of tillage (NT), especially when straw is retained, can produce greater plant yield and nutrient uptake than CT (or RT) Malhi and Lemke 2007) , because of increased soil water storage/conservation (Jones et al. 1969; Malhi and O'Sullivan 1990; Singh et al. 1998 ) and N-supplying-power of soil (Malhi et al. 2010 (Malhi et al. , 2011 . However, this did not happen in our study. This suggests that soil moisture most likely was not the major limiting factor for crop growth at these sites in these years, using up to the maximum rate of 100 kg N ha -1 used in this study. Therefore, it is possible that this crop response trend/pattern in our study may be due to increased immobilization of N caused by addition of straw with a wide C:N ratio on the surface under NT, resulting in reduced amount of available N under NT. In addition, it is also possible that there was much more N that became available to crop plant during growing season under RT/CT, particularly at Ellerslie, because of increased N mineralization from crop residue (that accumulated at the soil surface over many years under NT) by RT compared to NT. Overall, increased immobilization of N due to straw addition under NT and greater N mineralization from crop residue under RT/CT may have contributed to greater nutrient uptake and subsequently to greater crop growth/yield with RT compared to NT, particularly at Ellerslie. The increase of crop yield and N uptake with increasing N rate up to the 100 kg N ha -1 rate in most cases suggests that N was more limiting than moisture for crop growth in these years at these sites.
The lack of consistent high beneficial effect of straw retention on crop yields and nutrient uptake in some years, especially at Ellerslie, was probably due to immobilization of nitrate-N in soil in spring by incorporation of large amounts of crop residue that accumulated at the soil surface over 32 years under NT. This decreased availability of N may have resulted in negative effect on crop growth and yield. However, we do not have clear explanation for the reverse effect of straw retention on crop yields and nutrient uptake in 2012 (fourth growing season after RT).
www.ccsenet.org/sar Sustainable Agriculture Research Vol. 5, No. 3; Crop yield and nutrient uptake were very low in 2012, especially in the zero-N treatment and particularly under NT. It is possible that very wet weather conditions in 2012 growing season may have caused significant nitrate-N loss by leaching and/or denitrification, resulting in very poor crop growth in plots receiving no fertilizer N and also limited effect of applied N on crop yield even at higher N rate. Because of greater mixing of crop residue and soil, and thereby increasing level of soluble C and potential to denitrify N in soil, we anticipated and expected RT to cause greater N loss through denitrification and then producing lower crop yield and N uptake than NT, as suggested by Campbell et al. (1998) . However, this did not occur and opposite happened in our study, which was most likely due to greater N mineralization and relatively drier soil conditions less conducive to denitrification, causing greater crop yield and N uptake under RT compared to NT.
Although not directly measured, it is possible that improved seedbed conditions in RT improved yields and nutrient uptake in addition to the abovementioned reasons. As mentioned previously, spring soil temperatures are generally reduced under NT management, reducing seedling vigor and germination. Further possible consequences of long-term NT management on small plots like this are soil compaction from seeding and pesticide application equipment and residue build up (in S Ret ) that could result in poor seed and fertilizer placement. These physical effects of NT are likely more intense at the small plot scale and likely accumulate over the long-term, creating conditions favorable for crop response to improved seedbed conditions as a result of RT.
Overall, crop yield and nutrient uptake did not show any negative impact of converting long-term NT soil to tilled (RT) system during the 4-yr period in our study, as also previously reported by other researchers in Saskatchewan (Campbell et al. 1998; Baan et al. 2009 ). In our study, however, crop yields and nutrient uptake were usually greater under RT than NT. This may be due to a difference in soil type and soil moisture conditions between our and previous studies, as soil moisture was not a limiting factor for optimum crop growth and yield in our study. The results may have been different in our study, if soil moisture was more limiting for crop growth, as NT with stubble promotes trapping of snow and storage/conservation of water in soil while tillage increases drying of surface soil and promotes loss of water as suggested by Campbell et al. (1988) .
Crop yield, N uptake and P uptake tended to be greater under RT compared to NT in most caes at both sites, but significant in a few cases only at Ellerslie. On average over both sites, RT produced greater plant yield by 560 kg ha -1 yr -1 , N uptake by 5.8 kg N ha -1 yr -1 , and P uptake by 1.8 kg P ha -1 yr -1 than NT. Although there was no consistent beneficial effect of S Ret on crop yield and nutrient uptake in different years, cumulative crop yield and/or nutrient uptake was/tended to be greater with S Ret than S Rem . On average over both sites, SRet produced greater plant yield by 170 kg ha -1 yr -1 , N uptake by 1.9 kg N ha -1 yr -1 and P uptake by 0.4 kg P ha -1 yr -1 than SRem. There was a substantial response of crop yield to applied N under both RT and NT. Plant yield, N uptake and P uptake in individual years increased with N fertilization at both sites, with up to the maximum rate of applied N at 100 kg N ha -1 in 3 of 4 years at Breton and in 2 of 4 years at Ellerslie. In these years, the responses of plant yield, N uptake and P uptake to applied N were greater under RT than NT. Cumulative plant yield, N uptake and P uptake all increased with increasing rate of applied N up to the maximum rate of 100 kg N ha -1 used at both sites. In summary, RT tended to produce greater crop yield and nutrient uptake than NT, most likely due to the increase in the availability of N, P and other nutrients to crop plants from the decomposition/mineralization of crop residue. Our findings suggest some beneficial impact of occasional tillage of long-term NT soil on crop production/soil productivity. 
